Abstract-Ten inclusions, nine from Vigarano and one from Leoville, both members of the reduced subgroup of C3V chondrites, were analyzed for major and trace elements by neutron activation. Most have some refractory element characteristics that are common in refractory inclusions from Allende, a member of the oxidized subgroup of C3V chondrites. For instance, three (Leo 3537-2, Vig 1623-8, Vig 1623-11) are Type B inclusions with Group I or modified Group I REE patterns, three (Vig 1623-5, Vig 1623-10, Vig 1623-13) are olivine-rich inclusions, each of which is rather uniformly diluted in most refractory elements compared to Group I inclusions, and two (Vig 1623-14, Vig 1623-16) are fine-grained inclusions with Group II REE patterns. Six of the Vigarano inclusions, however, have refractory element fractionations that are unusual in Allende inclusions. Vig 1623-11 has Cl chondrite-normalized enrichment factors for Th and refractory siderophiles that are lower than those for REE by 60% or more, a positive MO anomaly (Mo/Ir = 1.92 f 0.02 relative to Cl chondrites) and an unusually low Zr/Hf ratio (0.67 rt 0.06 relative to Cl). Relative to Cl chondrites, the Ir enrichment factor is 1.7 times greater than the mean enrichment factor for Re, OS, and Ru in Vig 1623-10. Vig 1623-13 has one of the lowest Ir/Sm ratios (0.00044 + 0.00007 relative to Cl) ever measured in an olivine chondrule. Vig 1623-16 has a modified Group II REE pattern which reflects removal of refractory REEs from the nebular gas at unusually low temperatures. Vig 477-S has a REE pattern with a small negative Ce anomaly (Cc/La = 0.79 + 0.01 relative to Cl), a large negative Yb anomaly (Yb/Lu = 0.57 + 0.02 relative to Cl) and no Eu anomaly. This inclusion also has a positive MO anomaly (Mo/Ir = 2.25 + 0.03 relative to Cl) and enrichment factors for Zr and Th that are lower than those for Lu by about 65%. Vig 477-B has a REE pattern that may be a mixture of five parts of a component with an ultrarefmctory REE pattern and ninety-five parts of another with a modified Group II REE pattern. Vigarano apparently sampled a different population of refractory inclusions from Allende, presumably because refractory nebular materials were not well mixed where and when C3V chondrites accreted. The Vigarano and Leoville coarse-grained inclusions studied here, like others analyzed previously, tend to have lower concentrations of Na and Au than Allende coarse-grained inclusions, but the two Vigarano fine-granted inclusions of this study have concentrations of these elements that are comparable to those of Allende fine-grained inclusions. Thus, although coarse-grained inclusions in the reduced subgroup of C3V chondrites were altered under different conditions from those in the oxidized subgroup, some fine-grained inclusions in the reduced subgroup were altered under similar conditions as some in the oxidized subgroup.
INTRODUCTION
REFRACTORY, Ca-, Al-RICH inclusions (CAIs) in carbonaceous chondrites are thought to be early, high-temperature condensates from a cooling solar nebular gas, modified by later partial melting, evaporation, and low-temperature alteration. Recently, MAO et al. (1990) analyzed the bulk compositions of five CAB from Leoville and Vigarano, members of the reduced subgroup of C3V chondrites (MCSWEEN, 1977) . Three have refractory element characteristics that are rare in CAB from Allende, a member of the oxidized subgroup of C3V chondrites (MCSWEEN, 1977) . They suggested, therefore, that Allende inclusions (those for which the most data exist) are not representative of all early nebular condensates that accreted into C3V chondrites, and that Vigarano and Leoville are more likely than Allende to contain refractory inclusions that record undiscovered nebular frac-tionations. Here, we determine the chemical compositions of nine additional Vigarano inclusions and one from Leoville by instrumental neutron activation analysis (INAA) in order to test the MAO et al. (1990) hypothesis. The idea that there are different CA1 populations in different C3V chondrites has also been suggested by LIU and SCHMITT (1988) . It is important to determine if this is true, as it would imply that early condensates were distributed heterogeneously in the nebular region where and when C3V chondrites accreted.
Petrographic and/or isotopic data have been reported for seven of the ten samples analyzed here. CAILLET et al. (199 1) determined the Mg isotopic composition of anorthite in Leo 3537-2. The mineralogy and petrography of Vig 477-B were described by CAILLET et al. (1988) . In the same inclusion, ZINNER et al. (1989) measured 0 and Mg isotopic compositions of periclase, spinel, and melilite, and EL GORESY et al. (1990a) determined Mg isotopic compositions of spinel, melilite, and hibonite. The mineralogy and petrography of Vig 477-5 were described by MACPHERSON (1985) . Concentrations of rare earth elements in fassaite and perovskite from Vig 477-5 were measured by DAVIS et al. (1986) and in melilite by DAVIS et al. (1987) . Magnesium isotopic analyses of spine1 and melilite in that inclusion were reported by DAVIS et al. (1986) , and of melilite and hibonite by DAVIS et al. (1987) . The chemical data for Vig 1623-5 discussed herein were presented initially as part of a detailed petrographic and Mg, Si, and 0 isotopic study by DAVIS et al. (199 1) . Mg, Ca, Ti, Sr, Sm, and Nd isotopic data were determined for Vig 1623-5 by LOSS et al. (1990a) ; its Cr isotopic composition was reported by LOSS et al. (1990b) . For Vig 1623-8, CLAY- TON et al. ( 1987) measured the 0 and Si isotopic compositions of the bulk inclusion, LOSS et al. (1990a) determined the Mg, Ca, and Ti isotopic compositions of the bulk inclusion, and MACPHERSON and DAVIS (1990) measured Mg isotopic compositions of anorthite, melilite, and fassaite. CLAYTON et al. (1987) measured the 0 isotopic composition of Vig 1623-14 and the 0 and Si isotopic compositions of Vig 1623-13. Preliminary results of the present study were presented by SYLVESTER et al. (199Oa) . In the latter paper, a chemical analysis of Vigarano inclusion V 1 c was reported, but the material analyzed is probably not from Vlc and, thus, that analysis is not included here.
SAMPLE DESCRIIWONS
A sawn slab of Leoville and a piece of a single Vigarano stone from the Smithsonian Institution were used in this study. A diamond saw was used to cut four slices, each -4 X 5 cm, from the Vigarano stone, and all inclusion samples studied here were dug from cut surfaces of these two meteorites using stainless steel dental tools and a micro-trimmer in a clean room, except for Vig 1623-5 which was sampled from the rough edge of a slab. A portion of each inclusion was made into a polished thin section from which a point-count mode was determined, except for the two fine-grained inclusions, Vig 1623-14 and Vig 1623-16, in which the phases are too finely intergrown for accurate modal determinations. Results are shown in Table 1 where they are also compared with modes calculated from bulk compositions determined in the present work.
Leoville 3537-2
This is a spherical Type B 1 inclusion, -1.1 cm in diameter, consisting of melilite, anorthite, fassaite, spine], and minor NiFe metal.
Relative to other Type Bl inclusions, Leo 3537-2 has an unusually pronounced zonal distribution of mineral phases. The outer 0.4-1.6 mm (mantle) is melilite-rich and contains only minor amounts of other phases. Interior to this is a 0.8-1.2 mm thick, fassaite-rich zone (outer core), and the center (inner core) of the inclusion is spineland anorthite-rich. Melilite in the mantle is Al-rich near the inclusion rim and Mg-rich away from it, and fassaite in the outer core is Tiand Al-rich near the outer core/mantle boundary and becomes more Ti-and Al-poor toward the center of the inclusion. The inclusion contains minor secondary alteration products, mainly veinlets of calcite and an unknown, S-rich, Al-bearing phase that gives -85% analytical sums with an electron microprobe. There is a WARK-LOV-ERING (1977) rim sequence COnSiSting, from hemOSt t0 OutemOSt, of hibonite or perovskite, spine1 + gehlenitic melilite, diopside, and forsteritic olivine. Melilite is Aki0_r4, with up to -0.22% NazO which correlates positively with Ak content only for melilite having Ak > -40. The most gehlenitic melilite is relatively rare and located adjacent to the rim sequence. Most mantle melilite is AkzW. Fassaite contains l3-25% A&O, and 2-l 1% Ti02, with ~0.23% Fe0 and ~0.45% V203. Anorthite is Anss-ax,, containing ~0.14% NarO, 10.54% Fe0 and ~0.18% MgO.
Vigarano 477-B
This is a Type B 1 inclusion, approximately elliptical in shape and 4 X 6 mm in size, with a 0.3-0.8 mm thick, melilite-rich mantle. Vig 477-B is enclosed in a WARK-LOVERING (1977) rim sequence consisting, from outermost to innermost, of olivine, diopside, Febearing spine] + perovskite + hibonite, and feldspathoids. Unlike textures found in some Type Bl inclusion mantles, many melilite crystals in the mantle of Vig 477-B have scalloped grain-grain boundaries, rather than being euhedral to subhedral laths, and few are oriented at high angles to the inclusion margin. The most Al-rich melilite is near the rim sequence (regardless ofcrystal orientation), along with small blades of hibonite. Spine1 grains in the mantle are less abundant and smaller in size than those in the inclusion core. The core is dominated by abundant, large (up to -1 mm) fassaite crystals, lesser melilite, and sparse anorthite, all enclosing abundant spine1 grains and rounded grains of Ni-Fe metal (kamacite and taenite) + phosphate. Fassaite crystals are zoned and range in color from pleochroic green to colorless, the most intensely colored parts of the crystals being found close to the core-mantle interface. Prominent spinelfree islands are up to -2.4 mm in size and consist almost entirely of melilite with minor fassaite. The melilite occurs as a dense intergrowth of well-formed laths up to 0.2 mm in size, much smaller than the near-mm-sized melilite grains elsewhere in the inclusion. The laths commonly show concentric and oscillatory zoning. The inclusion is little altered. A -10-20 pm thick zone near the rim contains feldspathoids, and calcite occurs along fractures and in some voids. Microprobe analyses give the following ranges: melilite, Ah to .&,J (average composition -&J, 50.24% NazO; fassaite, 16-2 1% A&O, and 6.5-14.56 TiOz; spinel, Fe0 mostly 0.1-0.896 with rare grains up to 12.2%, VrO, mostly 0.4-0.81 but as high as -151, and CrzO, mostly 0.1-0.46 with a maximum of 8.8%.
Vigaraw 477-S
This is an irregularly shaped inclusion, roughly 1.2 cm in maximum dimension, that consists mostly of melilite with accessory spinel, hibonite, perovskite, and a small amount of fassaite (5.8-21.9% Tiq). It is similar to "flu@" Type A inclusions in Allende (MACPHERSON and GROSSMAN, 1984) , except that, unlike the latter in which interstices between highly altered melilite crystals are filled with secondary minerals, melilite in Vig 477-5 is mostly unaltered and the crystals form a dense, polygonal-granular mosaic, suggestive of solid-state mcrystahization. The inclusion is brecciated in places, with interstices filled by many tiny, broken fragments of melilite, on some of which are thin layers of secondary anorthite and pyroxene. The inclusion has a concentric distribution of phases. The irregularly shaped core is an intergrowth of hibonite blades and spine1 with melilite. Surrounding the core is the melilite-rich bulk of the inclusion. DAVIS et al. (1987) used X-ray mapping to discern that the melilite was recrystallized after an earlier episode of bmcciation: angular and irregular regions of polygonal-granular melilite crystals (cores of Aks-ls, margins of Akzd) are set in a uniform matrix of Aklti15. Most hibonite is Tiand Mg-rich, containing up to -4.2% MgG and 8.1% TiO*, but the cores of some crystals have -0.4% MgO and 0.4% TiOz. The rim sequence on this inclusion consists of, from innermost to outermost, spine1 + perovskite, melilite, anorthite, and aluminous diopside.
Vigarano 1623-5
In slab surface, Vig 1623-5 is an oblong inclusion, roughly 4 X 5 mm in size. The thin section shows two major pieces, separated by 150-250 pm of matrix; many smaller fragments occur in the matrix adjacent to both pieces. The largest piece of Vig 1623-5 has a large, nearly spherical re-entrant filled with meteorite matrix, very similar to one in the Allende inclusion ALVIN and interpreted as a vesicle by MACPHERSON et al. (198 1) . The interior of Vig 1623-5 is olivineand pyroxene-rich, and the exterior melilite-and spinel-rich. The two zones appear to be grossly out of equilibrium (DAVIS et al., 199 1) . The interior consists largely of equant, euhedral to subhedral, 30-170 pm ohvine crystals, poikihtically enclosed within 200-500 pm fassaite and &ermanitic melilite grains. Minor spine1 (5-20 pm) is enclosed in all other phases. Fassaite and melilite are inhomogeneously distributed. In the larger portion of Vig 1623-5, fassaite is more abundant than melilite but, in the smaller portion, there is little fassaite. Spine1 crystallized first, then olivine and finally fassaite and melilite in uncertain order. Fassaite contains 9.5-22.5% Al203 and 2-8% TiOz. Olivine is nearly pure forsterite except for -1.7% CaO. Melilite in the core is uniformly Akss. Overlying the core is an -200 pm thick, discontinuous, mehlite-rich mantle that occurs in two distinct types, depending on whether the underlying core is melilite-or fassaiterich. Over melilite-rich core, the mantle consists of mehlite that grades abruptly from AkSp in the core to -Ah, at the inclusion margin. Spine1 grains and rare hibonite crystals occur within the melilite. No ohvine is found in this mantle, but there is a 50 pm-wide band near the core/mantle boundary where olivine is pseudomotphically replaced by nearly pure akermanite which encloses tiny, randomly dispersed spine1 grains, just as interior olivine does. Mantle overlying fassaite-rich core is characterized by a discontinuous band, lo-25 pm thick and in contact with, embaying and replacing fassaite, that consists of a symplectic intergrowth of mehlite plus fine-grained vermiform perovskite. Outside both types of mantle, in contact with the meteorite matrix, is a porous band up to 100 lrn thick that consists of cl-5 rrn grains of melilite (Ak rti3) + spine1 + either hibonite (outside of mantle overlying melilite-rich core) or perovskite (outside of mantle overlying fassaite-rich core). Alteration effects are relatively minor in Vig 1623-5. Iron and sodium are enriched in major phases near the inclusion margin and along fractures. Veins of calcite and an unknown, silica-rich phase that preferentially replaces %ermanitic melilite are present.
Vigarano 1623-8
In slab surface, Vig 1623-8 has a maximum diameter of 5-6 mm and varies from rounded to irregular in shape through several successive saw cuts. In thin section, it is a typical Type B2 inclusion (WARK and LOVERING, 1982) , consisting of melihte, fassaite, anorthite, spinel, and minor nickel-iron metal. A WARK-LQVERING (1977) rim sequence, consisting of aluminous diopside, spine1 and forsteritic ohvine, is nearly continuous except along one edge where the inclusion is broken. Minor aluminous diopside is present as a secondary alteration product. Melilite (Ak,z_r2) occurs as large (up to 770 pm), irregular to tabular crystals and, within about 140-210 pm of the rim, polygonal-granular mosaics of ~70 pm-sized crystals. Melilite is concentrated toward the outside of the inclusion, but not to the degree seen in Type B 1 inclusions. Most larger melilite crystals show normal concentric zoning which is partially obscured by brecciation and kink-banding. Most melilite crystals contain many small inclusions of pyroxene plus lesser spine1 and anorthite. Many of the pyroxene inclusions are surrounded by narrow zones of Mg-rich mehlite, giving the host mehlite crystals an overall patchy appearance that further masks the concentric zoning The most gehlenite-rich mehlite grains are found within -40-50 pm or so of the WARK-LOVERING (1977) rim. Melilite crystals contain up to 0.3 wt% NazO, higher than generally seen in other refractory inclusions. A strong correlation between akermanite content and NaZO suggests that sodium was introduced during igneous crystallization. Fassaite (17-23% AlzOp, 5-17% TiOz) forms large (up to -280-350 pm), pale green to bluishgreen pleochroic crystals, with cores that are more intensely colored and higher in Ti and Al than their margins. Small fassaite grains enclosed within melilite near the outer margins of the inclusion are more intensely colored and far more Ti-and V-rich (up to 17% and 0.8%, respectively) than larger grains deeper inside the inclusion. Anorthite crystals are up to 390 pm in size, irregular in shape and fill interstices between melilite and pyroxene. In many places, contacts between crystals of anorthite and melihte are irregular, scalloped or cuspate. Some spine1 grains enclosed within anorthite have thin (a few pm or less) rims of melilite around them which, in places, are contiguous with large melilite crystals external to the anorthite, similar to textures described in several Allende inclusions by PODOSEK et al. (199 1) . Such features suggest anorthite is replacing melilite, but these are not the very fine-grained secondary anorthite grains of the kind commonly seen replacing melilite in Allende inclusions. Rather, these are large, coarsely twinned, single crystals. Nepheline occurs as lamellae within anorthite rather than around grain margins, its typical mode of occurrence as an alteration product. Spine1 is very heterogeneously distributed, being concentrated within the core and relatively deficient in the outer -1 mm. In addition, spine1 grains are heavily concentrated within anorthite and fassaite crystals and are far less abundant within melilite.
Vigarano 1623-10
This white inclusion is irregular in shape and -1.5 X 3.5 mm in maximum size. In thin section, Vig 1623-10 is an amoeboid olivine inclusion like those described by GROSSMAN and STEELE ( 1976) in Allende. The outer parts of the inclusion consist mostly of bulbous masses of olivine with an equigranular texture, sepamted by meteorite matrix. The olivine clumps surround a more coherent inclusion core that also consists mostly of ohvine. In the centers ofthe olivine clumps, and scattered within the inclusion interior, are irregular areas consisting of feldspathoids, anorthite, aluminous diopside and ironchromium-rich spine1 (-18% FeG, >2% CrzOJ. Generally, the spine1 grains are in the centers of these aluminum-rich areas, completely enclosed by feldspathoids + anorthite. A boundary layer of diopside (2-l 5% A1203, < l-7% TiOz) frequently separates the interiors of the aluminum-rich areas from the olivine. Olivine in the interior of Vig 1623-10 is mostly Fowlm. Near the outer parts of the inclusion, however, olivine crystals have iron-rich rims (up to Fo,*) that parallel grain boundaries and fracture traces. These Fe-rich rims presumably formed by reaction of the Mg-rich cores with an Fe-rich vapor. A solid solution consisting of 63% kirschsteinite (CaFeSi04) and 37% monticellite (CaMgSiO,) is found as sparse grains. Opaque assemblages consisting of Ni-Fe metal (-44% Ni), troilite, and iron oxide are found as accessories.
Vigarano 1623-11
This is an oblong inclusion, -2 X 4 mm in size, consisting mostly of melilite with lesser fassaite, anorthite and spinel. Although Vig 1623-11 is predominantly melilite, a characteristic of Type A inclusions, the presence of coarse anorthite and more than trace amounts of fassaite suggests it is a Type B. Minor nepheline and calcite near the rim sequence are the only atrophic evidence of secondary alteration. Most melilite forms dense, ~lygon~~nular mosaics, except where large, spongy, poikilitic fassaite grains enclose smah, euhedral melilite tablets. Similar euhedral melihte tablets are enclosed within anastamosing veinlets of anorthite. Some spine1 grains are heterogeneously distributed throughout melilite but, like the anorthite, most spine1 is in the anorthite veinlets. In fact, in many places, spine1 grains occur exclusively within veinlets and do not extend beyond the veinlet walls. Overall, Vig 1623-1 1 appears to be a melilite-rich inclusion that was intruded by melt veins from which anorthite and spine1 crystallized. Melilite is Akr,+, with an average of -AkrT. Minor element contents are Na,O 5 0.08% and TiO, 0.04-0.096: KzO was not detected. Fassaite has 16-23% A1209,k-12% Ti02, ~0.32% FeO, and ~0.38% VzOs. Anorthite is Anw_roo, with 10.08% FeO, 50.2 1% MgO, ~0.03% Na20, and ~0.1 I TiO*. The chief minor components in spinei are TiOz (up to 0.44%) V,Os (up to 0.23%) and CaO f -0.18%).
Vigarano 1623-13
This -3 X 4 mm, oblong, white object appears in slab surface to be a typical refractory inclusion, but thin section study reveals that it is a very large, Al-rich, barred olivine chondrule. Its shape varies from elliptical to irregular from one slab to another. Long, bent and somewhat dendritic bars of olivine (For3& enclose equant granules of spine1 (2.2-5.55 FeO, . Interstices between olivine bars consist of spinel, anorthite (-An& and fassaite (-14% A&OS, 2% TQ, 0.7% Cr203). Major phases show only slight compositional zoning.
Vigarano 1623-14
This is a very fine-granted, spinel-rich inclusion, -1.8 X 2.4 mm in size. It is crudeIy ellipticat to rectangutar in shape, with embayments along the margin. The main constituents are Fe-bearing spinel, pyroxene, anorthite, nepheline, and sodalite. It differs from Vigarano coarse-grained inclusions in containing abundant feldspathoids. The inclusion has a concentrically zoned mineral distribution, with the pinkish core being more spinel-and feldspathoid-rich and the outer, gray-white part being more pyroxene-and anorthite-rich. An approximate mode for Vig 1623-14, obtained by point-counting a backscattemd electron photomosaic of the thin section, yields -8% spinel, 19% pyroxene, and 74% anorthite + feldspathoids. Because the thin section contains mostly material from the core, the mode probably under~timat~ anorthite and pyroxene. Similar to spinel-rich, fmegrained inclusions in Allende, spine1 grains in Vig 1623-14 are concentrically mantled: pale pink spine1 cores ( 1 -13% FeO) are enclosed within a c5 pm rim of feld~athoids + anorthite, followed by an outer, -1 rrn rim of fassaite (up to -23% A&03, 12% TiO& Within the feldspathoids + anorthite layer, sodalite and nepheline surround ragged patches of anorthite in an apparent replacement texture. Inte&t&I to the rimmed spine1 grains in the core of Vig 1623-14 are extensive regions of feldspathoids, Fe-rich spine1 (9-13% FeG), anorthite that again appears to be enclosed in and partially replaced by feldspathoids, pyroxene, and rare grains of kirschsteinite-rich monticellite (Kir,, , AOMontqs_q, ). The outer zone of Vig 1623-I4 contains a subequal mixture of&gular coherent stringe& of pyroxene and interstitial patches of anorthite, without concentricahy rimmed spinet grains.
Viino 162346
This is a fine-grained, spinei-rich inclusion, diamond-shaped and -1.8 X 2.2 mm in dimension. Like Vig 1623-14, Vig 1623-16 is concentrically zoned, with a pink, spinel-and feldspathoid-rich core and a lighter, pyroxene-rich mantle. The core consists of spinel, feldspathoids, fassaitic pyroxene, anorthite, forsteritic olivine, and traces of perovskite, ilmenite and an Fe-rich garnet. The mantle consists predominantly of diopsidic augite, spinel, melilite, and minor anorthite and feldspathoids. Spine1 grains in the core of Vig 1623-16 are concentrically rimmed: pale pink spine1 cores (up to -10.6% FeO) are enclosed within a <5 Nrn rim of feldspathoids + anorthite, followed by an outer, -1 pm rim of fassaite (Tiq up to 8%) Perovskite grains are scattered within many of the spine1 crystals. Interstitial to the rimmed spinel grains in the core of Vig 1623-16 is a porous mixture of felds~~oids, olivine (Fo&, anorthite, diopside, and occasional grains of ilmenite and ki~ch~eini~-~ch monticeIIite ( -Kir&Zont7i). The compact mantle of Vig 1623-16 is quite different from that of Vig 1623-14: it consists mostly of densely intergrown diopsidic augite~crystah that locally enclose subordinate patches of melilite (Ak17_1AI and Fe-Door mine1 (~0.5% FeO: Cr,O\ -0.6%). Small amountsof anorthiie and feldspathoids are aIso pre&t. Some spine1 grains near the edge of the inclusion are deep pink to purple, contain up to 22% Fe0 and -1.5% Cr20s, and enclose tiny grains of ilmenite.
EXPERIMENTAL METHODS

Rabbit I~diation
Experimental procedures and standards used for the short INAA irradiation, carried out at the University of Missouri Research Reactor (MURR), were the same as those of DAVIS et al. (1982) , except that the neutron flux was 8 X lOI n/cm*-sec. Samples and standards were counted at the MURR three times: first, for 4-8 min on an 11.6% efficiency Ge(Li) detector, 3-10 min after irradiation; next, in a position closer to the same detector for 2-8 min, 9-46 min alter irradiation; and lastly, on one of two Ge(Li) detectors with efficiencies of 28.1 and 35.5% for 9-30 min, 2-12 hr after irradiation. Neutron flux corrections of 55.2% were applied to each sample and standard based on variations in the specific activity ofWCo, assumed to change linearly with time, in Co-doped aluminum wires irradiated during the course of the experiment. Polyethylene pouches into which samples and standards were packaged for irradiation and counting required blank corrections of O-39% of the amount of Cl present in each sample. Blank corrections were ~5% for all other elements determined, except in Vig 1623-I 3, for which corrections of 10% were made to the amounts of Dy and Ti present, due to the low concentrations of these elements in this sample; and in Vig 1623-5, for which corrections of IO-51% were made to the amounts of Al, V, Ti, Dy, and Mn present, due to the small size of this sample. Specpum standards of MgO, A1203, and SiOr were used to correct for the fast neutron reactions, 27Al(n,p)27Mg and 28Si(n,p)28Al. INAA results are shown in Table 2 , including sample sizes and the standard, nuclide, photopeak energy, and half-life used for each element. Errors quoted are 1 Q uncertainties due only to counting statistics. Upper limits are based on 2a uncertainties.
Long I~d~tion
Ex~~mental procedures and standards used for the long INAA irradiation were the same as those of MAO et al. (1990) with some important improvements. In order to lower blank contamination levels that had hindered our ability to determine concentrations of some elements in very small samples (MAO et al., 1991) , supeailica tubes in which samples were irradiated and counted were washed with ultra-pure HCI and HNOp, double-distilled from Vycor glass. Also, two sets of gas line filters were used to filter the oxygen and methane gas that, when ignited, provided a flame used to seal the supersilica tubes. The pre-filter was a Cole-Parmer syringe filter consisting of a polytetrafluoroethylene (PTFE) membrane, 20 cm2 in area, with a 0.22 pm filtration rating, housed in a polypropylene shell. The final filter was a Nuclepore gas line filter consisting of a stainless steel shell and two PTFE layers with an area of 360 cm* for filtering particles 20.02 pm.
The package of sample, standard, and empty supersilica tubes was irradiated in row 1 of the graphite reflector of the MURR for 126 h at a flux of 8 X lOI n/cm*/sec and then transferred to the flux trap of the same reactor where, one day later, the irradiation continued for another 159 h at a flux of 4 X lOI n/cm*/sec. ARer irradiation, each sample was counted four times at the University of Chicago on either of two high-purity Ge detectors with efficiencies of 35.7% and 37.9%: for 2.3-14 h, 19-64 h after irradiation; for 8.9-33 h, 2.7-8.5 days after irradiation; for I .7-3. I days, 9.5-38 days after irradiation; and for 6.2-l 1 days, 17-60 days after irradiation.
Data Reduction
All corrections applied to the INAA data were made by procedures described in MAO et al. ( 1990) . Corrections for the spatial variation of neutron flux of 57.5% were made to each sample and standard. Lanthanum interference on i4'Ce by double neutron capture on i3ti, Eu interference on 15'Srn by double neutron capture on i5'Eu, and Yb interference on "'Lu by decay of reactor-produced "'Yb resulted in corrections amounting to 0.3-6% O-6%, and 2-7%, respectively, in all samples. Corrections for the overlap of the peak of one nuclide on that of another were based on the ratio of the area of the interfering peak to that of another peak of the same nuclide in a standard. These amounted to 4-18% for '**Ta (84.7 keV) on "@Tm (84.3 keV), O-10% for '99Au (208.2 keV) on i"Lu (208.4 keV), O-77% for '56Eu (811.6 keV) on '*Co (810.8 keV), O-36% for ls4Eu (756.9 keV) on 95Zr (756.7 keV), O-24% for '69Yb (130.5 keV) on i9'Os (129.4 keV), O-27% for "*Ta (264.1 keV) on "Se (264.7 keV), and O-70% for "'Lu ( 136.5 keV) on 'x6Re (137.1 keV). As a consequence of the large neutron fluence of this irradiation, the specific activity of "'Eu in the samples varied from 12% less to 10% more than that of the REE standard, and corrections to the activity of i5*Eu in each sample were made accordingly.
Holmium was determined from '@Ho using the method of KA-WABE et al. (1986) to correct for Dy interference. We found that 25-53% of the total '@Ho counts in all samples, except Vig 1623-16, were due to Dy, and made appropriate corrections. No correction was made to the '&Ho counts of Vig 1623-16 because Dy is below detection in this sample.
Blank Corrections
Blank corrections were calculated from the mean amount of each element of interest present in four empty supersilica tubes prepared in the same way as, and irradiated along with, tubes containing the samples. These corrections were 5 10% of the amount present of each element in all samples with the following exceptions: 16-426 of the amounts of Ta, As. Co. Au. Br. and Zn in Via 477-5: 18-251 of the _ amounts of Ta; Th, and Zn in'Vig 1623-5; 12-23% of the amounts of Ta, As, and Th in Vig 1623-10; 14 and 27% of the amounts of Ni and Ba, respectively, in Vig 1623-14; and 34% of the amount of W in Vig 1623-I 1. Also, for K, blank corrections of 1 l-66% of the amount present were made for six samples. The reason that blank corrections tended to be greatest in Vig 477-5 and Vig 1623-5 is that these samples have masses that are smaller than the other samples by factors of 3.5-130.
One of the empty supersilica tubes has a W concentration that is ten times higher than the mean W concentration in the other three tubes. Because of this, we report W concentrations, uncorrected for a blank, as upper limits in Table 2 whenever the Cl chondrite-normalized concentration of W is greater than the mean of those of Re, OS, Ir, MO, and Ru. This is the case for Vig 1623-5, Vig 1623-10, and Vig 1623-16 in which the Cl chondrite-normalized concentrations of W would have been 9.6, 46, and > 14 times higher, respectively, than the means of those of the other siderophiles. Blank corrections, for W in the remaining samples were made by using the mean W concentration in the three empty tubes that do not have the anomalously high W content.
Blank concentrations for many elements determined in this work are lower than those of the same elements in other recent studies performed in this laboratory. Silica tubes in the latter were made and sealed with a flame fueled by untiltered gases and were washed with reagent grade acids. In contrast, in this work, filtered gases and ultrapure acids were used. MAO et al. (199 1) reported mean element levels for empty tubes prepared in the former way, and these am compared to those of this study in Table 3 . Some means are reported as upper limits with standard deviations because some of the individual determinations from which they are computed are upper limits that are treated as actual values. The mean blank levels of this study are significantly smaller than those of Lao et al. (199 1) for Na (by 65%), Sc (>91%), Cr (83%), Co (94%), Ni (98%), La (9653, Ce (76%), Sm (76%), and Au (~41%). We suspect that much of the reduction is due to use of filtered gases and ultra-pure acids; but, since the tubing in the two experiments was fashioned from different batches of supersilica, we cannot rule out the possibility that supersilica used in the present experiment originally had lower element concentrations than that used by MAO et al. (199 1) .
Filomena
We included a small aliquot (168 pg) of the IIAB hexahedrite, Filomena, in the long irradiation as a secondary standard. Concentrations of Cr, Co, Ni, Ga, As, W, Re, OS, Ir, Ru, and Au determined here are within 2~ of the means of these elements in replicate analyses by PERNICKA and WASSON (1987) and WASSON et al. (1989) . Except for Cr, Ni, and Ir, the concentration of each element in Filomena determined here is also within 20 of that determined previously in this laboratory, using a 1.4 mg sample (SYLVESTER et al., 199Ob) . These results indicate that, even for pg-sized samples, heterogeneities in Filomena are smaller than the uncertainties of INAA, except for Cr, Ni, and Ir. While Ni and Ir concentrations differ from our previous determinations by amounts that lie just beyond analytical uncertainty, Cr concentrations are grossly different. For Cr, WASSON et al. ( 1989) suggested that the large standard deviation of their mean (14%) reflected nonrepresentative sampling of daubreelite. This may be the reason for the discrepancy between the Cr concentrations in the pgand mg-sized aliquots of Filomena analyzed in this laboratory.
MINERAL MODES CALCULATED FROM MAJOR ELEMENT CONCENTRATIONS
Silica is the only major constituent of Ca-, Al-rich inclusions not determined in this work, so computation of silica by difference is a very good approximation. We can use electron microprobe analyses of the phases studied in a polished thin section of a split of each inclusion and our INAA determination of the bulk chemical composition of each to calculate a modal mineralogical composition. These are compared in Table 1 with actual point-count modes determined in thin sections of eight of the inclusions analyzed by INAA. Poor agreement between calculated and observed modes may indicate that the sample taken for INAA is mineralogically nonrepresentative of the bulk inclusion.
Calculated and observed modes are in very good agreement with one another for Vig 477-5, Vig 1623-10, and Vig 1623-13. The samples of Vig 1623-8 and Leo 3537-2 taken for INAA are richer in spine1 and poorer in other phases than their counterparts seen in thin section. The sample of Vig 1623-l 1 used for INAA is much poorer in anorthite than the one in thin section. A large discrepancy exists between calculated and observed modes for Vig 477-B. The thin section is much richer in melilite and much poorer in fassaite and spine1 than the sample studied by INAA, probably because this inclusion is unusually heterogeneous in mineralogical composition. A significantly greater amount of olivine and smaller amount of melilite are present in the sample of Vig 1623-5 studied by INAA than in the one seen in thin section. Given the spatial segregation of these phases from one another observed in the thin section of Vig 1623-5 and the tiny amount of sample studied by INAA, this discrepancy is easily understandable.
Although we were unable to determine point-count modes in the tine-grained inclusions Vig 1623-14 and Vig 1623-I 6, we were able to ascertain that the major feldspathoids are nepheline and sodalite in both. Assuming that all Cl in the INAA determination is present as sodalite and all Na in excess of the amount in sodalite is present as nepheline, we calculate 30% sodalite and 15% nepheline in the 
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sample of Vig 1623-I4 which we analyzed and 16% sodalite and 4% nepheline in Vig 1623-16.
REFRACTORY ELEMENT CONCENTRATIONS
Review of Allende Inclusion Compositions and their Interpretation
Before interpreting refractory element concentrations of the Vigarano and Leoville inclusions analyzed in this study, it is instructive to review what is known about refractory element concentrations of Allende inclusions, and how those concentrations have been interpreted.
Thermodynamic calculations suggest that refractory lithophile (Ca, Al, Ti, REEs, Hf, Zr, SC, Th, Ta, V, Sr, Ba) and siderophile (W, Re, Os, lr, MO, Ru) elements would have condensed from a cooling solar nebula gas into host phases such as zirconium oxide, hibonite (CaA1,,0i9), perovskite (C?aTiOS), melilite (CazAl$iO&azMgSizO7), and metal alloys at high temperatures (GROSSMAN, 1972 (GROSSMAN, , 1973 BOYNTON, 1973 ; PALME and %'LOTZKA, 1976; H~NTON et al., 1988; SYLVESTER et al.. 199Ob ). More volatile elements (Ni. Co, Mg, Fe, Si, Cr, Au, Mn, As, K, Na, Ga, Sb, Cl, Se, Cs, Zn,'Br) would-have condensed from the same gas into host phases such as metallic nickeliron, troilite, divine, pyroxene, and feldspar at lower temperatures. Allende refractory inclusions are thought to have been assembled from high-temperature, refractory element-rich condensate phases or evaporation residues that were removed from the nebular gas before condensation of lower temperature, volatile element-rich phases. This is because such inclusions are enriched in refractory elements by factors of ten or more and depleted in most volatile elements by at least IO%, compared to element concentrations in Cl chondrites, which are probably representative of the total condensable matter in the solar system (GROSSMAN and GANAPATHY, 1976a,b) . Original high-temperature condensates or residues still exist as the constituent minerals of inclusions that have never been melted, such as in the melilite-rich fluffy Type As of Allende (MACPHERSON and GROSS-MAN, 1984) but, in melted inclusions such as melilite-rich compact Type As and fassaite-rich Type Bs of Allende, original condensate phases have been largely consumed during fusion and the minerals now present crystallized from melts (MACPHERSON and GROSSMAN, 198 1) . Refractory elements in melted inclusions have been redistributed among the crystallizing minerals, according to crystal-melt partition coefficients for each element in each mineral.
Most coarse-grained, Type A and B Allende inclusions have rare earth element (REE) concentrations enriched to -18 times their levels in Cl chondrites and either Group I or modified Group I chondrite-normalized REE patterns (GROSSMAN et al., 1977; MACON and MARTIN, 1977) . Group I REE patterns are those in which no REE is fractionated from any other, except Eu, by more than 20% relative to Cl chondrites. Precursors of inclusions with such patterns were probably isolated from the nebular gas at temperatures low enough condensates or evaporation residues with a strong crystal-chemical preference for either light REEs (LREEs) or heavy REEs (HREEs) in relative proportions that differed from those generally present in the nebula, A high-temperature condensate phase that prefers LREEs is bibonite; one that prefers HREEs is zirconium oxide (HINTON et al., 1988) . Group I and modified Group I REE patterns of some Allende inclusions have positive and negative Eu anomalies, which are presumably the result of nonrepresentative sampling of melilite relative to other phases by the inclusions in the nebula. Melilite has a strong crystal-chemical preference for divalent Eu relative to trivalent REEs (KUEHNER et al., 1989) , and these are the respective valence states expected under the reducing conditions of a hip-tem~ature gas of solar composition. In s&e Alfende in&ions with Group I or modified Group I REE nattems. the ratio of anv one of Zr. Th. Hf. SC. Ta. V. Sr. or Ba to-a REE'of similar vola&ity may differ'from the ratio' of the same elements in Cl chondrites by more than 20%. E%WNTON (1975) showed that Lu and Er are the two most refractory REEs, Eu and Yb the two most volatile REEs, and that La and Sm are of intermediate volatility. The condensation calculations of DAVIS et al. ( 1982) suggest that, in a gas of solar composition and assuming ideal solid solution in Ca-bearing minerals, Zr, Hf, and Se are about as refractory as Lu and Er; Ta is about as refractory as La, and the volatilities of V, Sr, and Ba are equal to or slightly greater than that of Yb. Although the same calculations predict Th to be almost as refractory as Lu, this does not seem to have been the case during formation of Allende inclusion precursors. In Allende Group II inclusions (discussed later), REEs are fractionated from one another as a function of volatility and Th seems to have behaved as a much less refractory element than Lu, as pointed out by &YNTON (197Q having instead a volatility comparable to that of La and Sm. In nine Group I and modified Group I inclusions analyzed by Grossman and coworkers (GROSSMAN and GANAPATHY, 1976a; GROSSMAN et al., 1977, and unpubl. data Mason and coworkers (MASON and MARTIN, 1977; MASON and TAYLOR, 1982) , Zr/Er ranges from 0.59 to 1.1 X Cl. In thirteen of these, Hf/Er is 0.55-l. I X Cl, and in twelve of them, Th/La is 0.70-I. 1 X C 1. Nine of the inclusions have Sr/Yb ranging from 0.65 to 1.8 X Cl and Ba/Yb from 0.67 to 2.8 X Cl.
The cause of these relatively large ftactionations is probably related to the fact that the refractory lithophiles do not form ideal solid solutions in all of the available Ca-bearing host phases (JWYNTON, 1975; HINTON et al., 1988) . Calcium sites in different minerals are nonequivalent, resulting in crystal-chemical preferences for one phase relative to another during condensation or evaporation of some elements. If, during accretion of inclusion precursors, phases containing distinct ratios of refractory lithophiles were sampled in different proportions from those that existed in the nebula, the fractionations seen among refractory lithophiles in individual inclusions could have arisen. Although the activity coefficients necessary for calculating the distribution of all refractory lithophiles among ah possible host phases during condensation are unknown, it has been inferred that Sr was carried into the inclusions predominantly in melihte, Ba in an unknown phase other than melilite (GROSSMAN et al., 1977) and REEs, SC, Th, Zr, Ta, and Hf in one or more of hibonite, perovskite, and zirconium oxide (DAVIS et al., 1978; FAHEY et al., 1987; HINTON et al., 1988) . Although a given pair of refractory lithophiles may be fractionated from one another by relatively large amounts in individual Group I or modified Group I inclusions compared to Cl chondrites, the fractionation between the same pair of elements is always less than -20% when the compositions of large numbers of such inclusions are averaged. This suggests that each refractory lithophile was completely condensed into the assemblage of grains from which this population of refractory inclusions accreted. An exception seems to be V, as the mean V/Yb ratio of Group I and modified Group I Allende inclusions is strongly sub-chondritic.
Seven such inclusions analyzed by GROSSMAN et al. (unpubl. data) have a mean V/Yb ratio of 0.67 + 0.11 X C 1, and two others analyzed by CONARD (1976) have V/Yb ratios of 0.66 f 0.02 and 0.58 5 0.01 X C 1. Assuming V and Yb formed ideal solid solutions in precursor phases of Allende inclusions, the condensation or evaporation temperature of V would have been nearly identical to that of Yb (DAVIS et al., 1982) , and V and Yb would be expected to be present in nearly chondritic proportions in those inclusions. Since, instead, Allende inclusions have strongly sub-chondritic V/Yb ratios, it seems likely that V was slightly more volatile than predicted by the above cal-culations such tbat it was not fully condensed into inclusion precursors at the accretion temperatures of most inclusions.
Refractory siderophiles are enriched by a factor of -16 in Allende Group I and modified Group I inclusions relative to Cl chondrites and, in almost every inclusion, enrichment factors for Re, OS, Ru, and Ir differ from one another by less than 20% (GROSSMAN et al., 1977; MASON and TAYLOR, 1982) . In some of these inclusions, W and MO have enrichment factors that are within 20% of those for Re, OS, Ir, and Ru but, in others, refractory siderophile enrichment patterns exhibit negative MO anomalies, in some cases accompanied by smaller, negative W anomalies. For instance, FEGLEY and PALME (1985) noted that five Allende inclusions with Cl chondrite-normalized Mo/Gs ratios of 0.75, 0.71, 0.61, 0.40, and co.06 had cormspondingcl chondrite-normalized W/OS ratiosof0.85,0.87,0.85, 1.1, and 0.18. Refractory siderophiles are now concentrated in tiny, metallic Fe and Ni-rich opaque assemblages in Allende inclusions, but they are thought to have originally entered those inclusions in condensate metal alloy grains. During CA1 fusion, the metal grains melted to form Fe-, Ni-, P-, refractory siderophile element-rich drop lets that were immiscible in the coexisting silicate liquid. Upon cooling, those droplets crystallized, new siderophile element alloys formed by exsolution and these assemblages were oxidized to produce the observed opaque assemblages (BLUM et al., 1989) .
The simplest interpretation of Allende inclusions which are uniformly enriched in Re, OS, Ru, Ir, W, and MO is that each inclusion sampled grains of a common metal alloy into which each of Re, OS, Ru, Ir, W, and MO was completely condensed. FEGLEY and PALME ( 1985) recognized, however, that if each refractory siderophile condensed into a common alloy sampled by all Allende inclusions, then in inclusions with W and MO depletions, that alloy must have formed in a gas whose oxygen fugacity was higher than that of a gas of solar composition. In an oxidizing gas, MO is the most volatile of the refractory siderophiles, and W is the next most volatile, so a condensate alloy removed from such a gas at temperatures at which Re, OS, Ru, and Ir have completely condensed could have large MO depletions and smaller W depletions, as could inclusions that preferentially sampled such an alloy.
A different model than that of condensation of refractory siderophiles into a common alloy was proposed by SYLVESTER et al. ( 1990b). They found that the combination of subchondritic Re/Os and Ir/Pt ratios in some opaque assemblages from an Allen& Group I inclusion cannot be reproduced by the one-phase condensation model, but can be explained by a three-phase model. In the latter, Re, OS, and Ru, whose high-temperature crystal structures are hexagonal closepacked (hcp), condensed into one alloy, Ir, Pt and Rh, which are face-centered cubic (fee), condensed into a second, and W and MO, which are body-centered cubic @cc), condensed into a third. Each inclusion sampled large numbers of grains of the three alloys. Thus, fractionations between elements in the same alloy and between elements in different alloys were averaged out to yield chondritic proportions of refractory siderophiles in most bulk inclusions. Inclusions with W and MO depletions simply may have sampled a ratio of bee grains to hcp and fee grains that is less than the nebular ratio. According to this model, therefore, such inclusions do not require formation in a highly oxidizing environment, as in the one-phase condensation model. Some coarse-grained Allende inclusions have relatively unfractionated REE patterns, except for Eu and Yb anomalies. Such patterns have been called Group III when the Eu and Yb anomalies are negative and Group VI when they are positive (MASON and TAYLOR, 1982). Inclusions with Group III REE patterns accumulated from condensates or residues that were removed from the nebular gas at a temperature above which Eu and Yb, the most volatile of the REEs, were completely condensed but, in order to account for lack of fractionation among the remaining REEs, the temperature must have been low enough that each of the latter was totally condensed. In contrast, there must be two precursors of inclusions with so-called Group VI REE patterns-one with a Group I pattern and another containing only Eu and Yb. The latter is thought to have condensed from a gas from which material with a Group III pattern was removed previously.
Almost are within 20% of those for HREEs, except that for SC (27.75 + 0.07 X Cl), which is larger, and those for Th (16.3 ir: 0.4), Ta (14.5 + 0.8), V (13.2 + 0.4), W (15.2 + 0.6), and MO (15.6 + 0.5), which are similar to enrichment factors for LREEs. The precursors of Vi8 1623-8 could have formed by high-temperature condensation or evaporation. Like LREEdepleted, modified Group I inclusions in Ahende, a LREEenriched phase, such as hi~~te, may have been p~fe~nti~y excluded, or a HREE-enriched phase, such as zirconium oxide, preferentially included during accretion of the precursors of Vig 1623-8. An alternative explanation for the LREE depletion in Vig 1623-8 is that we inadvertently depleted our analyzed aliquot of the sample in anorthite relative to spine1 during removal of material from its host inclusion in the laboratory, as indicated in Table 1 . Although anorthite in Type B inclusions is normally enriched in LREBs relative to HREEs (~AGASAWA et al., 1977) , preferential sampling of REE-free spine1 relative to anorthite would only result in a significant LREE depletion if the anorthite contains a large fraction of the total REEs in the inclusion.
Vigarano 1623-11
This is an unusual modified Group I inclusion. As in some Allende-modified Group I inclusions, compared to Cl chond&es, LREEs (mean of La, Ce, Sm = 13.2 f 0.5 X Cl) are depleted relative to HREEs (mean of Tb, Dy, Ho, Tm, Yb, Lu = 18.2 rt 0.6 X Cl), enrichment factors for SC (13.48 _t 0.01 X Cl) and Hf(16.3 + 0.2 X Cl) are similar to those of the REEs, and there are anomalously large enrichment factors for Eu (23.8 + 0.2 X Cl) and Sr (23.1 t 0.6 X Cl). Enrichment factors for refractory siderophiles, except MO (11.2 ? 0.1 X Cl), are fractionated from one another by less than 20% (W = 7.6 & 1.9 X Cl, Re = 6.5 f 0.2 X Cl, OS = 6.30 + 0.08 X Cl, Ir = 5.825 -+ 0.004 X Cl, Ru = 6.56 +-0.08 X Cl). Vig 1623-11 differs from most modified Group I Allende inclusions, however, in that, compared to Cl chondrites, Th, Ba, and refractory siderophiles are strongly depleted relative to REEs (Th/La = 0.37 rt 0.06 X Cl, Ba/Yb < 0.39 X Cl, OS/La = 0.460 _+ 0.007, h/La = 0.426 +-0.003 X Cl), Zr and Hf are strongly fractionated from one another (Zr/Hf = 0.67 fi 0.06 X Cl), and MO is strongly enriched relative to other refractory siderophiles (Mo/Ir = 1.92 f 0.02 X Cl). In fact, Vig 1623-11 has lower Th/La and Ba/Yb ratios and a higher Mo/Ir ratio than any Allende Group I or modified Group I inclusion, and Os/La, Ir/La and Zr/Hf ratios that are among the lowest in those inclusions. As seen in Table 1 , anorthite was preferentially excluded relative to all other phases during laboratory sampling of the aliquot of Vig 1623-11 taken for INAA. Anorthite is not a host for siderophiles and is incapable of fractionating Zr from Hf. Anorthite in Type B inclusions accounts for only a small fraction of the total Th in these objects but the bulk of the Ba (A. M. Davis, pers. comm.). Thus, nonrepresentative laboratory sampling of Vig 1623-11 may be responsible for the unusually low Ba/Yb ratio of this sample but probably not for the other unusual ratios.
During accretion of the precursors of Vig 1623-11, REEbearing phases were preferentially sampled over metal alloy phases and the carrier phase of Th. Since Vig 1623-11 has large enrichment factors for Eu and Sr, its REE-bearing precursor phases were probably melilite-rich relative to the nebular proportions of these phases. The overall slope of the REE pattern of Vig 1623-11 is probably due to preferential sampling of HREE-enriched precursor phases, such as ZrGz, over LREE-enriched ones, such as perovskite. These two phases, though minor in abundance, may have contributed more trivalent REEs to most CAIs than did melilite. The super-chondritic Mo/Ir ratio of Vig 1623-11 can be understood in the context of the three-phase condensation model of SYLVESTER et al. ( 1990b) as the result of sampling a greater proportion of bee alloy grains to fee alloy grains than was generally present in the nebula. In the one-phase condensation model, the combination of a super-chondritic Mo/Ir ratio and chondritic proportions of all other siderophiles necessitates mixing of two condensate components. In this model, a super-chondritic Mo/Ir ratio arises from condensation in an oxidizing gas from which a higher temperature, Mo-deficient condensate alloy was removed previously. Because of significant volatility differences among the remaining refiactory siderophiles, however, there is no temperature at which the early condensate can be removed which will yield a subsequent condensate containing both a super-chondritic MO/ Ir ratio and chondritic proportions of the remaining refractory siderophiles. Thus, in the one-phase model, nearly pure MO must be mixed with another phase into which all other refractory siderophiles were completely condensed in order to obtain the refractory siderophile enrichment pattern of Vig 1623-11.
The origin of the strongly sub-chondritic Zr/Hf ratio of Vig 1623-11 is unknown. These elements cannot be strongly fractionated from one another on the basis of volatility differences in a solar gas because they have similar condensation temperatures in such a gas (DAVIS et al., 1982) . After condensation, melting, and crystallization, Zr and Hf are concentrated in fassaite in Allende Type B inclusions. Fassaite that crystallized early from a melt having the composition of an Allende Type B CA1 with Cl chondritic proportions of Zr and Hf has a Zr/Hf ratio of -0.7 X Cl, whereas later crystallizing fassaite has greater Zr/Hf ratios (SIMON et al., 199 1) . Thus, assuming that fassaite compositions are similar in Vigarano and Allende Type B CAIs, a sub-chondritic Zr/ Hf ratio could have been produced in our sample of Vig 1623-11 by inadvertently enriching it in early fassaite relative to late fassaite during laboratory sampling. We do not think that this occurred, however, because early fassaite in Allende Type B CAIs has a super-chondritic Sc/Lu ratio, -5 X Cl (SIMON et al., 199 l) , whereas our sample has a sub-chondritic Sc/Lu ratio, 0.702 + 0.007 X Cl.
OLIVINE-RICH VIGARANO INCLUSIONS
Refractory lithophile and siderophile element enrichment factors in Vig 1623-5, -10, and -13 are plotted in Fig. 2 . Compared to their Allende counterparts, Vig 1623-10 and -13 exhibit unusual refractory element fractionations.
Vigarano 1623-10
This olivine-rich (80%) aggregate is similar to Allende amoeboid olivine aggregates in that it is uniformly diluted in refractory elements compared to Allende Group I coarse-grained inclusions. The mean enrichment factor for Ca, SC, Hf, La, Ce, Sm, Eu, Tb, Yb, Lu, OS, Ir, and Ru is 4.1 + 0.4 X C 1 chondrites in Vig 1623-10, 3.9 f 0.2 X Cl in the average of seven Allende amoeboid olivine aggregates , and 18.3 + 0.6 X Cl in the average of nine Allende coarse-grained inclusions (GROSSMAN et al., 1977) . The uniform dilution of refractory elements in Vig 1623-10, like in Allende amoeboid olivine aggregates, is probably the result of mixing Group I CAI-like condensates or residues with refractory element-poor, and hence lower temperature, olivine-rich material. If each of the aforementioned refractory elements were carried into Vig 1623-10 in CAI-like constituents that were enriched in refractories by a factor of eighteen relative to Cl chondrites, then the latter comprise 4.1/ 18 or 23% of the inclusion, and the remaining 77% must be lower temperature, olivine-rich constituents.
There are three refractory element characteristics of Vig 1623-10 that are rare in Allende inclusions. First, the Cl chondrite-normalized enrichment factor of Ir, 4.624 + 0.004, is 1.7 times the mean enrichment factor of Re, OS, and Ru, 2.7 f 0.5, whereas in Allende amoeboid olivine aggregates, refractory siderophile enrichment factors seldom differ by more than 20% from one another . Enrichment of Ir relative to Re, OS, and Ru may reflect preferential sampling of fee alloy grains over hcp grains in the nebula. Second, Sr and Eu are strongly fractionated from each other (Sr/Eu c 0.12 X C 1 chondrites) in Vig 1623-10. Although the Sr/Eu ratios of Allende amoeboid olivine aggregates are not well known, these elements tend to be unfractionated in coarse-grained Allende Group I inclusions, presumably because both elements enter those inclusions in the same condensate phase, melilite, and both are totally condensed into that phase (GROSSMAN et al., 1977) . In Vig 1623-10, however, either melilite grains were removed from the nebular gas at a temperature higher than necessary for total condensation of Sr, which may have a slightly lower condensation temperature than Eu in a gas of solar composition (DAVIS et al., 1982) , or Sr was concentrated into a phase other than melilite, and that phase was not well sampled by Vig 1623-10. Third, the Th/La ratio of Vig 1623-10 is strongly sub-chondritic (0.38 rt 0.04 X Cl chondrites), suggesting that Th was not completely condensed into the phases that carried REEs into this inclusion.
Vigarano 1623-13
This barred olivine chondrule is similar to Allende olivine chondrules in that it is rather uniformly enriched in refractory lithophiles relative to Cl chondrites, but depleted in those elements relative to Allende Group I inclusions. Refractory lithophile element enrichment factors in Vig 1623-I3 are at the higb end of the range of those in individual Allende olivine chondrules, however. For instance, the mean enrichment factor for Ca, Al, SC, La, Sm, Eu, and Yb is 7.5 & 0.6 in Vig 1623-13, ranges from 1.3 + 0.1 to 8 + 1 in twelve Allende olivine chondrules analyzed by RUBIN and WASSON ( 1987) , and is 2.8 + 0.1 in the average of the latter. Like Allende chondrules, Vig 1623-13 probably crystallized from a melt of precursors that included both Group I CAI-like material and material that ceased chemical communication with the nebular gas at lower temperature. If refractory lithophiles in the CAI-like component were enriched by a factor of 18 relative to Cl chondrites, then that component constitutes 7..5/ 18 or 42% of the Vig 1623-l 3 precursors.
In the Allende olivine chondrules analyzed by RUBEN and WASSON (1987) , the lowest Cl chond~te-no~alized Ir enrichment factor is 0.04. Vig 1623-13 is unusual in that its refractory siderophile element enrichment factors are extremely low, even compared to Allende chondrules: Ir = 0.0026 2 0.0004, Re < 2.7, OS < 0.023, MO < 0.42 and Ru < 0.25. Allende olivine chondrules tend to have lower enrichment factors for refractory siderophiles than for refractory lithophiles, suggesting that metal and silicate components of those chondrules were fractionated from each other before or during melting. In the Allende olivine chondrules of RUBIN and WASSON fl987), for example, Ir/Sm ratios are sub-chondritic in all but two samples, and as low as 0.02 X C I. In Vig I623-13, this ratio is 0.00044 _+ 0.00007 X C 1, one of the lowest Ir/Sm ratios ever measured in an olivine chondrule. Among seventeen such chondrules from the Ornans C30 chondrite, the lowest Ir/Sm ratio is 0.15 X Cl chondrites (RUBIN and WASSON, 1988) , among fifteen from the Qingzhen EH3 chondrite, it is 0.01 X Cl (Gross-MAN et al., 1985) , and among thirty-one from the Semarkona LL3 chondrite, it is 0.01 X Cl, except for two chondrules with Ir concentrations below the detection limit of neutron activation analysis and Ir/Sm ratios co.003 X C 1 WASSON, 1983, 1985) .
Two mechanisms have been suggested for metal/silicate fractionation during chondrule melting. The first is segregation of immiscible siderophile element-rich liquid droplets from silicate liquid and loss of the former from the latter as the chondrule spun in the nebula and the second is loss of siderophiles relative to lithophiles by evaporation. Both mechanisms are thought to have had only a limited role in producing low siderophile element enrichment factors in most chondrules (GROSSMAN and WASSON, 1985) . In the case of Vig 1623-13, we have no way of evaluating whether the former mechanism was responsible for loss of refractory siderophiles, but the latter was probably not important. This is because Eu, Yb, and Sr, which are among the most volatile of the refractory lithophiles in a solar gas, and Ce, which becomes extremely volatile in an oxidizing gas, do not have anomalously low enrichment factors compared to more refractory lithophiles (e.g., Eu/La = 1.23 +-0.03, Yb/La = 1.37 f 0.03, St-/La = 1.55 + 0.08, Cc/La = 0.90 + 0.02, relative to Cl chondrites). It is possible, of course, that the refractory precursors of Vig 1623-13 were simply depleted in refractory siderophiles compared to refractory lithophiles. If all of the Ir in Vig 1623-13 precursors was contained in a CAI-like component which, as discussed above, constituted 42% of those precursors, then the enrichment factor of Ir was only 0.0026/0.42 or 0.006 in that component relative to Cl chondrites.
Vllarano 1623-5
This forsteritic olivine-, fassaite-bearing FUN inclusion described in detail by DAVIS et al. (199 1) is thought to have acquired mass fractionated 0, Mg and Si isotopes as a result of evaporation, either during or before melting. In our sample, C 1 chondrite-normalized enrichment factors for LREEs (La = 8.7 + 0.2 X Cl) are smaller than those for HREEs (Lu = 14.4 f 0.6 X Cl), SC (61.52 f 0.01 X Cl), and Hf (42 + 2 X Cl), and are greater than those for Eu (xl.5 X Cl) and Sr (~3.2 X Cl). As explained in DAVIS et al (1991) , this composition reflects the fact that, as a result of laboratory sampling, our tiny aliquot of Vig 1623-5 contains a higher proportion of fassaite than does the bulk inclusion. SIMON et al. (1991) showed that partition coefficients for HREEs, Sc, and Hf are larger, and those for Eu and Sr smaller, than those for LREEs in fassaite that crystallized from melts having Type B CA1 compositions.
Our sample of Vig 1623-5 has a strongly sub-chondritic V/Yb ratio (0.149 + 0.007 X C 1 chondrites), which is probably not the result of preferential fassaite sampling because the bulk V/Yb ratio reconstructed from electron and ion microprobe analyses of phases in a thin section of this inclusion is similarly sub-chondritic (0.110 + 0.006 X Cl; DAVIS et al., 199 1). Strongly sub-chondritic V/Yb ratios are a common characteristic of Allende FUN inclusions. Such ratios for HAL, CG-14, TE, and C 1, for example, are >0.007 (HIN-TON et al., 1988) to co.31 (DAVIS et al., 1982) , 0.082 + 0.006 (CLAYTON et al., 1984) , 0.084 + 0.006 (WARK et al., 1987) , and -0.02 , respectively. These are lower than even the lowest V/Yb ratios found in non-FUN Allende inclusions (0.22 X Cl; Grossman, unpub. data) , and their origin is not understood. They cannot be the result of volatilization and loss of V during CA1 melting because Yb and V have similar volatilities in a solar gas (DAVIS et al., 1982) . Vanadium may be lost relative to Yb during evaporation in an oxidizing gas but so should other elements such as Ce, which is depleted neither in Vig 1623-S (Cc/La = 1.23 + 0.06 X Cl chondrites) nor in any FUN inclusion except HAL (DAVIS et al., 1982) .
Cl chondrite-normalized enrichment factors for OS (2.9 + 0.4), Ir (3.364 f 0.006) and Ru (3.5 + 0.2) in Vig 1623-5 are within 20% of one another, but that for Re (2.3 f 0.2) is about 30% lower than those for Ir and Ru (Re/Ru = 0.66 + 0.07 X Cl; Re/Ir = 0.68 + 0.06 X Cl). Considering the relatively large errors associated with the low concentrations of refractory siderophiles in Vig 1623-5, the aforementioned Re fractionation is not much larger than those present in some non-FUN Allende inclusions. Rhenium has been measured in only two Allende FUN inclusions, Cl and TE (WARK et al., 1987) . In the latter, Re is depleted by about 30% relative to Ir and by about 40% relative to OS, compared to Cl chondrites.
Although Vig 1623-5 is a FUN inclusion and thus possesses isotopic abundances that are unusual in most Allende inclusions, it exhibits normal refractory element fractionations for non-FUN and FUN Allende inclusions.
GROUP II, FINEGRAINED VIGARANO INCLUSIONS
C 1 chondrite-normalized enrichment factors for refractory Iithophiles and siderophiles in Vig 1623-14 and -16 are plotted in Fig. 3 .
Vigarano 1623-14
This inclusion has a refractory element composition that is very similar to that of Allende fine-grained inclusions. It has a normal Group II REE pattern: Tm and LREEs are comparably enriched to -40 times Cl chondrites, other HREEs are progressively depleted with increasing atomic number from Tb (23.7 f 0.2 X Cl chondrites) to Lu (x7.8 XC1),andEu(5.09+0.12XCl)andYb(6.73f0.07XCl) have low enrichment factors. The most refractory (Hf, Lu, Zr, Sc) and most volatile (V, Yb, Eu, Sr, Ba) of the refractory lithophiles have lower enrichment factors than those of refractory lithophiles of intermediate volatility (Th, Tm, La, Ce, Sm, Ta). Refractory siderophiles have low enrichment factors, that for Ir being 0.0 124 +-0.0005 relative to C 1 chondrites.
Vigarano 1623-16
This is an unusual Group II inclusion. It is classified as a Group II inclusion because C 1 chondrite-normalized enrichment factors for the most refractory lithophiles (Hf < 0.04, Such inclusions are thought to have condensed after an early, ultrarefmctory condensate was removed from the nebular gas, as was the case for normal Group II inclusions. In this case, however, the removal temperature of that early condensate was sufficiently low that Th and the most refractory of the LREEs (La, Sm) were removed along with Hf, Zr, SC, the refractory HREEs, and the refractory s~derophiles. Thus, Th, La, and Sm, which are more refractory than Ce, were depleted relative to Ce in the gas from which modified Group II inclusions subsequently condensed. The enrichment factor for Ta is larger than those for LREEs in modified Group II inclusions because Ta is more volatile than those REEs, resulting in smaller fractions of Ta than LREEs being removed from the nebular gas in the ultrarefractory condensate. Like Vig 1623-16, some modified Group 11s have super-chondritic Tm/Sm ratios. In a solar gas and assuming ideal solid solution, Tm is more refractory than Sm (DAVIS et al., 1982) . Thus, an early ultrarefmctoty condensate that removed a significant fraction of the Sm from a cooling solar gas would have removed even more of the Tm, and subsequent condensates would have sub-chondritic Tm/Sm ratios. Since Vig 1623-16 has a super-chondritic Tm/Sm ratio, Tm must have been more volatile than Sm during condensation of the ultrarefractory precursors of Vig 1623-l 6. Perhaps those precursors p~fer~nti~ly excluded Tm relative to Sm because they consisted of hibonite or perovskite, both of which have strong crystal-chemical preferences for LREEs over HREEs. It is not known whether nonrepresentative laboratory sampling of Vig 1623-16 can be responsible for the unusual Tm/Sm ratio, as the detailed modal mineralogy of this inclusion could not be determined and the distribution of trace elements within fine-grained inclusions is unknown. Modified Group II inclusions are not common in Allende, with samples A-2 of CONARD (1976), 3803 of MASON and MARTIN (1977) , and 5242 of MASON and TAYLOR (1982) being the only unambiguous examples. Allende sample 16 of GROSSMAN and GANAPATHY (1976b) may be another, but this is less clear because its Tm concent~tion was not measured. Other reported occurrences of modified Group II inclusions are from four hibonite-bearing CAB in the unique chondrite ALH85085 (FlOl, F104, F123 of MACPHERSON et al., 1989; CA1 # 174 of Et G~RESY et al., 1990b) , one Type B2 CAI, Leo 3537-1, in Leoville ( MAO et al., 1990) and two CAIs, CL7-1 and CL9, from the Mokoia C3V chondrite (LIU et al., 1987) . IRELP~ND et al. (1988) and IRELAND (1990) result of removal of the condensate precursors of these inclusions from the cooling nebular gas before Eu and Yb, the two most volatile REEs, could fully condense into them.
OTHER INCLUSIONS
Fluffy Type A Vigarano Inclusion Vig 477-5 has an unusual REE pattern (Fig. 4) . LREEs (-22 X Cl chondrites) and HREEs (-26 X Cl) are comparably enriched, but there is a small negative Ce anomaly (Ce/I_a = 0.79 f 0.01 X Cl), a large negative Yb anomaly (Yb/Lu = 0.57 f 0.02 X Cl), and little or no Eu anomaly (Eu/Sm = 1.10 f 0.02 X C 1). Fassaite, perovskite, and melilite in Vig 477-5 do not have negative Ce and Yb anomalies, according to ion microprobe analyses (DAVIS et al., , 1987 . Negative Ce and Yb anomalies found in the bulk inclusion, therefore, must reflect the compositions of REEbearing phases other than these minerals, such as hibonite.
There are few refractory inclusions with a REE pattern like that of Vig 477-5. Two inclusions, CG3 from Allende (GROSSMAN and GANAPATHY, 1976a; GROSSMAN et al., 1977) and CA1 #2 from the Felix C30 chondrite (MISAWA and NAKAMURA, 1988) , and a hibonite grain, SHIB 13-24, from Murchison (IRELAND, 1990) have REE patterns with large negative Yb anomalies and no Eu anomalies, but they do not have negative Ce anomalies, even small ones like that in Vig 477-5. The REE patterns of two other Murchison hibonite grains, SHIB 7-373 and 7-A95 (IRELAND et al., 1988) , do have negative Ce and Yb anomalies and no Eu anomaly, but the Ce anomaly in the former (Cc/La = 0.84 X Cl chond&es) is smaller than even that in Vig 477-5, and the REE pattern of the latter is HREE-enriched (Lu/La -5 X Cl), whereas Vig 477-5 has a relatively flat REE pattern.
Among the most volatile REEs, Eu is more volatile than Yb which is more volatile than Ce. Group III REE patterns, characterized by negative Eu and Yb anomalies, are thought to have formed by removal from the nebular gas at temperatures too high for Eu and Yb to have completely condensed. Removal at a slightly higher temperature would also produce a small negative Ce anomaly. Vig 477-5 may have accreted from two components: one that formed at a high enough temperature that it had negative Ce, Eu, and Yb anomalies and a component enriched in Eu compared to all other REEs.
The latter could have formed after prior condensation of all REEs except Eu, the most volatile REE.
There are some other unusual refractory element fractionations in Vig 477-5: Zr/Lu and Th/La ratios are strongly subchondritic, 0.36 f 0.09 and 0.35 * 0.04 relative to Cl chond&es, respectively, and Mo/Ir and MO/OS ratios are strongly super-chondritic, 2.25 + 0.03 and 1.90 + 0.04 relative to C 1 chondrites, respectively. The latter ratios reflect preferential sampling of bee alloy grains relative to fee and hcp alloy grains by the inclusion in the nebula. The former ratios suggest that Zr and Th were carried in a separate condensate phase from that which carried the REEs, and that Vig 477-5 preferentially sampled the REE carrier relative to the Zr and Th carrier. The excellent agreement between calculated and observed modes seen in Table 1 for this inclusion suggests that the unusual Zr/Lu and Th/La ratios are probably not due to nonrepresentative sampling in the laboratory.
Type B CA1 Vigarano 477-B
This inclusion has a very unusual REE pattern (Fig. 5) . Enrichment factors relative to C 1 chondrites are highest for Tm (99 + 2 X C I), somewhat less for the most refractory of the HREEs (Tb = 52.1 + 0.8 X Cl, Dy = 63 +-2 X Cl, Ho = 57 + 2 X Cl, Lu = 53.1 + 0.8 X Cl), and even lower for the LREEs (La = 24.5 + 0.2 X Cl, Sm = 25.36 -t 0.07 X Cl). There is a small negative Ce anomaly (Cc/La = 0.79 + 0.03 X Cl), and larger ones for Eu (Eu/Sm = 0.56 k 0.01 X Cl) and Yb (Yb/Lu = 0.56 + 0.01 X Cl). Refractory lithophiles with the highest condensation temperatures, Hf, Lu, Zr, Sc, Tb, Dy, and Ho, have a mean enrichment factor of 58 -+ 2, greater than the mean of La, Ce, Sm, Th, Ta, V, Yb, Eu, and Sr, 23 + 2, which have lower condensation temperatures. Refractory siderophile element enrichment factors are less than those of all refractory lithophiles, with the mean of Re, OS, Ir, and Ru being 13 + 1 X C 1, and those for W (4.9 + 0.6 X Cl) and MO (7.6 + 0.7 X Cl) being even lower.
In Fig. 6 , the REE pattern of Vig 477-B is compared to that of a modified Group II inclusion, Vig 1623-16, and that of a hypothetical condensate removed from a solar gas at a temperature just below that at which hibonite appears, 1727 K at 10e3 atm, calculated assuming ideal solid solution (EK- AMBARAM et al., 1984) and normalized to 10 X Cl chondritic La. The latter is enriched in the more refractory REEs (the tory component which is enriched in HREEs relative to LREEs compared to C 1 chondrites, while the opposite is true for the Group II component. At the same time, the high Tm/ Tb ratio of 1.9 in Vig 477-B relative to Cl chondrites requires a relatively large contribution from the Group II component whose Tm/Tb ratio is super-chondritic, while that of the ultrarefractory component is sub-chondritic. Although these two ratios in Vig 477-B cannot be satisfied simultaneously by mixing an ultrarefractory component with a normal Group II one, they can be satisfied if a modified Group II component is used, since some modified Group II inclusions, like Vig 1623-16, have much higher Cl chondrite-normalized Tm/ Tb ratios than normal Group IIs, requiring much less of a contribution from the Group II component and thus maintaining a super-chondritic Tb/Sm ratio in the mixture. Mixing 5% of the ultrarefractory condensate shown in Fig. 6a and 95% of modified Group II inclusion Vig 1623-16, for example, produces a model REE pattern similar in shape to that of Vig 477-B, as shown in Fig. 6b . Both are enriched in HREEs, except Yb, relative to LREEs, have sub-chondritic Lu/Tm ratios and super-chondritic Tm/Sm ratios, and exhibit negative Eu and Yb anomalies. The model mixture has a positive Ce anomaly, unlike Vig 477-B, indicating that the modified Group II component in Vig 477-B differed from its counterpart in Fig. 6 in having a negative Ce anomaly. Such a Ce anomaly could have formed in the modified Group II component if the latter condensed from the nebular gas at a higher temperature than its counterpart used in the mixing calculation. At higher temperatures, smaller fractions of Ce would have condensed than of the other LREEs, since Ce is the most volatile of those REEs.
If a modified Group II component with the composition of Vig 1623-16 makes up 95% of Vig 477-B, then, by mass balance, the ultrarefractory component comprising the remaining 5% must have C 1 chondrite-normalized enrichment factors of 1400 for Hf, 1160 for Zr, 1080 for SC, 350 for Th, 300 for V, 110 for Sr, 260 for Ir and OS, 210 for Ru, and -260 for Re. Larger enrichment factors are expected in the ultrarefractory component of Vig 477-B for Hf, Zr, and SC than for Th, V, and Sr because the former are more refractory than the latter. In ultrarefractory inclusion SH-2 from Murchison, for example, C 1 chondrite-normalized enrichment factors are 1800 for Hf, 1200 for Zr, 260 for SC, < 180 for Th, ~11 for V, and <2 18 for Sr (EKAMBARAM et al., 1984 In the latter, the Ta/La ratio is 11.4 X Cl chondrites, but in Mokoia inclusion CL7-1 (LIU et al., 1987) , the Ta/La ratio is 3.0 X Cl, and in Allende inclusion A-2 (CONARD, 1976) it is 1.3 X C 1. In a solar gas, Ta is about as refractory as Ce, and slightly more volatile than La and Sm (DAVIS et al., 1982) . Thus, Ta/La ratios are predicted to be lowest in modified Group II inclusions whose condensate constituents were removed from the nebular gas at unusually high temperatures, as seems to be indicated for the Group II component of Vig 477-B by the Ce content of the latter. If the modified Group II component of Vig 477-B has a Ta/La ratio like that of CL7-1, 3.0 X Cl, then the enrichment factor for Ta in the modified Group II component of Vig 477-B is -17 X C 1, and the ultrarefmctory component of Vig 477-B has an enrichment factor for Ta of 250 X Cl chondrites.
Compared to ultra-refractory inclusion SH-2, which has enrichment factors for Ir, OS, Ru, and Re of 1696 1-4,3 100 f 16, 162 + 13, and 3808 + 30 X Cl chondrites, respectively, and to ultrarefractory inclusion RNZ from the Ornans C30 chondrite (PALME et al., 1982) , which has enrichment factors for Ir, OS, Ru, and Re of 14490 + 440, 15210 + 760, 3760 + 750, and 15260 + 460 X Cl chondrites, respectively, the ultrarefmctory component of Vig 477-B has small enrichment factors for refractory siderophiles and, therefore, must have sampled smaller amounts of siderophile element-rich metal alloys than did SH-2 and RNZ. Also, refractory siderophiles must have condensed into the metal alloys that contributed to the ultrarefractory component of Vig 477-B at lower temperatures than into those alloys that contributed to SH-2 and RNZ. This is because SH-2 and RNZ have strongly superchondritic Os/Ru ratios of 19 + 2 and 4.0 + 0.8 X Cl chondrites, respectively, whereas the ultrarefractory condensate of Vig 477-B has only a slightly super-chondritic Os/Ru ratio of 1.24 + 0.05 X C 1. Since OS is much more refractory than Ru in a solar gas, alloys condensing from such a gas have strongly super-chondritic Os/Ru ratios at high temperatures and Os/Ru ratios that approach unity at lower temperatures. According to the three-phase condensation model of SYLVESTER et al. (1990b) , for example, hcp condensate alloy grains of the ultrarefractory component of Vig 477-B were removed from the nebular gas at 1575 K and 10e3 atm, whereas those of RNZ were removed at 1640 K and 10m3 atm. The foregoing conclusions are not changed if the modified Group II component of Vig 477-B is assumed to have the Re, OS, Ir, and Ru concentrations of a modified Group II inclusion other than Vig 1623-16. For instance, if the modified Group II component of Vig 477-B has the refractory siderophile element concentrations of Leo 3537-l (MAO et al., 1990) , the ultrarefractory component of Vig 477-B will have C 1 chondrite-normalized enrichment factors of 250 for Ir, OS, and Re and 190 for Ru, and an Os/Ru ratio of 1.29 *o.o5xc1.
NON-REFRACTORY ELEMENT CONCENTRATIONS
Non-refractory elements (Ni, Co, Mg, Fe, Si, Cr, Au, Mn, As, K, Na, Ga, Sb, Cl, Se, Cs, Zn, Br) are thought to have been added to CAIs during low-temperature (< 1470 K at 10m3 atm for Ni, Co, Mg, Si, Cr, Au, Mn, As and some of the Fe; <I 100 K for the others) reaction with the nebular gas, before the inclusions were incorporated into their meteorite hosts. As a result of low-temperature alteration, secondary mineral phases formed in the inclusions. Previous work suggests that coarse-grained inclusions from the reduced subgroup of C3V chondrites, including Vigarano and Leoville, experienced secondary alteration at higher temperatures or for a shorter time than those from the oxidized subgroup, which includes Allende (MAO et al., 1990) . This is because the former tend to have lower concentrations of non-refmctory elements, particularly Na and Au (plotted in Fig. 7a ), than do their counterparts in the oxidized subgroup (BIS-CHOFF et al., 1987; MAO et al., 1990) . Also, low-temperature, secondary mineral phases are much less abundant in CAIs from Vigarano than in those from Allende (MACPHERSON, 1985) . At high temperatures, non-refractory elements were not completely condensed from the nebular gas, and inclusions bathed in that gas were less likely to acquire high concentrations of those elements, and mineral phases composed of them, than were inclusions immersed in a low-temperature gas. Similarly, the shorter the time an inclusion was exposed to nebular gas at low temperature, the less likely was it that non-refractory elements and their mineral phases were deposited in that inclusion. The relatively low concentrations of Na and Au (Fig. 7a ) and the relatively low amounts of secondary mineral phases in the coarse-grained Vigarano and Leoville CAIs studied here are consistent with the idea that coarse-grained inclusions in the reduced subgroup of C3V chondrites were altered at higher temperatures or for a shorter time than those in the oxidized subgroup. Two of the Vigarano CAIs, however, are anomalously enriched in Au compared to all other CAIs from the reduced subgroup. One is the lluffy Type A inclusion, Vig 477-5, which has 0.33 i 0.02 X Cl chondritic Au, and the other is the oli~ne-~ch, FUN inclusion, Vig 1623-5, which has 1.26 + 0.02 X Cl chondritic Au. Since Au has a higher condensation temperature than Na (PALME et al., 1988) Vig 477-5 and 1623-5 must have been altered at a lower temperature than all other CAIs of the reduced subgroup, so that Au condensed in significant amounts, but at a high enough temperature that Na did not condense in significant amounts, unlike CAIs of the oxidized subgroup.
Unlike Na and Au, concentrations of some relatively volatile elements in the Vigarano and Leoville coarse-grained inclusions of this study are not distinctly bwer than those of Allende coarse-grained inclusions. For example, mean Cl chon~t~no~~~~ enrichment factors for Ni (0.22 + 0.12) Co (0.06 rt 0.02), Cr (0.18 k 0.03), and Mn (0.03 + 0.02) in the Vigarano and Leoville coarse-grained inclusions are greater than enrichment factors for these elements in about half or more of the Allende coarse-grained inclusions compiled by DAVIS et al. (1982) . In contrast, like Na and Au, mean Cl chond~te-no~alized en~chment factors for Fe (0.031 + 0.005) and Zn (0.16 f. 0.05) in the Vigarano and Leoville inclusions are at the low ends of their ranges in the Allende inclusions. In the latter, Fe ranges from 0.0 l-O.3 X Cl in thirty-four samples and is >0.035 X Cl in twentythree of those samples. Zinc ranges from 0.05-0.9 X Cl in seventeen samples, is >O. 16 X C 1 in twelve, and >0.4 X C 1 in five. GROSSMAN and GANAPATHY (1976a) showed that most Allende coarse-grained inclusions have concentrations of Fe, Co, and Mn that are 2% or less ofthose in bulk Allende. Concentrations of Cr, Au, and Na in those inclusions are, in contrast, 15% to more than 100% of those in bulk Allende. GROSSMAN and GANAPATHY (I 976a) suggested, therefore, that if measured ~n~ntmtions of Fe, Co, and Mn in Allende coarse-grained inclusions reflect contamination by admixed meteoritic matrix material, Cr, Au, and Na concentrations in those inclusions must be largely indigenous. Concentrations of Cr, Au, Na, Ni, Zn, Fe, Co, and Mn in the four Type B Vigarano and Leoville inclusions studied here are 1 l-17%, 3-5%, l&16%, 3-15%, 16-105%, l-3%, 2-l I%, and l-16%, respectively, of those in their hosts, bulk V~rano (KALLE- MEYN and WASSON, 1981) or bulk Leoville (KRACHER et al., 1985) . If none of the Fe in those inclusions is indigenous, they could have suffered as much as l-3% matrix contamination. The amount of matrix contamination was probably much less, however, because, when we sampled these inclusions, we avoided material near inclusionjma~x interfaces. Thus, we prefer the interpretation that measured volatile element concentrations of coarse-grained inclusions in this study are largely indigenous and there is overlap of the ranges of indigenous volatile element concentrations in refractory inclusions of the reduced and oxidized subgroups of C3V chondrites, with the latter being higher for Na, Au, Fe, and Zn.
Fine-grained CAIs are thought to have been more intensely altered by reaction with low-tempemture nebular gas than were coarse-grained CAIs. Thus, it is not surprising that the two Vigarano fine-grained inclusions analyzed in this study, Vig 1623-14 and 1623-16, are enriched by factors of 5 and 7 in Fe, 59 and 26 in K, 166 and 73 in Na, 79 and 41 in Cl, and 24 and 23 in Zn, respectively, compared to the mean composition of the three Vigarano Type B inclusions studied here. What is surprising is that, in contrast to coarse-grained Vigarano inclusions, fine-grained Vigarano inclusions are not strongly depleted in Na and Au compared to their counterparts in Allende. Instead, as shown in Fig. 7b , Vig 1623-14 and 1623-16 have concentrations of Na (7.14 and 3.17%, respectively) and Au (~30 and ~5.9 ppb, respectively) that are comparable to those in nine Allende fine-grained inclusions analyzed by GANAPATHY (1975, 1976b) . Concentrations of Cl and Zn, two of the most volatile elements, are enriched in Vig 1623-14 by factors of 3.6 and 1.5, respectively, and in Vig 1623-l 6 by factors of 2.0 and 1.4, respectively, relative to the mean of those nine Allende fine-grained inclusions. These comparisons suggest that Vigarano fine-granted inclusions were not altered at higher temperatures or for shorter times than Allende fine-grained inclusions, as was probably the case for their coarse-grained counterparts. It is also unlikely that all fine-grained members of the reduced subgroup of C3V chondrites were altered under the same conditions. As is shown in Fig. 7b , a fine-grained Leoville inclusion, Leo 3536-1, analyzed by MAO et al. ( 1990) has very low concentrations of both Na and Au and a finegrained Efremovka inclusion, E 14, analyzed by BOYNTON et al. (1986) has a very low concentration of Na, but not Au.
Two inclusions studied here are not plotted in Fig. 7 . One is the olivine aggregate, Vig 1623-10, which is most properly compared to Allende amoeboid olivine aggregates, and which has lower Na and Au concentrations than them. The mean of seven Allende amoeboid olivine aggregates has 2.3 + 0.5 X Cl chondritic Na and 1.4 t 0.3 X Cl chondritic Au whereas Vig 1623-10 has 0.33 + 0.01 X Cl chondritic Na and 0.648 i 0.004 X Cl chondritic Au. Like coarse-grained inclu~ons, olivine aggregates of the reduced subgroup of C3V chondrites seem to have been altered at higher temperatures or for a shorter time than their counterparts in the oxidized subgroup. The other sample not plotted is the barred olivine chondrule, Vig 1623-13, which has 0.73 St: 0.02 X Cl chondritic Na and <0.02 X Cl chond~tic Au. An appropriate comparison for this sample is with the mean of twenty Allende olivine chondrules given by RUBIN and WASSON (1987) . The latter has 0.93 + 0.13 X Cl chondritic Na and 0.71 + 0.12 X Cl chondritic Au.
CONCtUSIONS
Six Vigarano refractory inclusions have refractory element fractionations that are rare or absent in Allende inclusions. Vig 1623-l 1 has Th/La and Ir/Mo ratios that are lower than those of any Allende Group I or modified Group I inclusion, and OS&~, lr/La and Zr/Hf ratios that are among the lowest in those inclusions. The low OS/La, Ir/Ia, and Ir/Mo ratios seem to require nonrepresentative sampling of condensate phases in the nebula to a degree that is unusual for Allende Group I and modified Group I inclusions. Vig 1623-10 is an olivine aggregate with an Ir enrichment factor 1.7 times greater than the mean enrichment factor for Re, OS, and Ru, relative to Cl chondrites. This is probably the result of preferential sampling of fee relative to hcp condensate alloy phases in the nebula, a phenomenon that is not known to fractionate Ir from Re, OS, and Ru by more than 20% in Allende refractory inclusions or olivine aggregates. Vig 1623-13 is an olivine chondrule which has one of the lowest Ir/Sm ratios ever measured in such an object and which probably suffered unusually severe metal/silicate fractionation before or during chondrule melting. Vig 1623-16 is a fine-grained inclusion with a modified Group II pattern formed by condensation after removal of an ultrarefractory condensate at unusually low temperatures. Vig 471-S is a fluffy Type A inclusion with a REE pattern characterized by a small negative Ce anomaly, a large negative Yb anomaly, and no Eu anomaly. It probably contains two components, one removed from the nebular gas before Ce, Eu, and Yb, the most volatile REEs, had completely condensed, and another that condensed after removal of a condensate ~n~ning all REEs except Eu. Vig 477-B is a Type 3 inclusion with a REE pattern resembling an ultrarefractory condensate except for a sub-chondritic Lu/Tm ratio. It is probably a mixture of a component with an ultrarefractory REE pattern and another with a modified Group II REE pattern. MAO et al. (1990) found that three of five Vigarano and Leoville inclusions have refractory element fmctionations that are rare in Allende. One has a modified Group II pattern, another has a large negative Ce anomaly, and a third is strongly enriched in OS compared to other refractory siderophiles, relative to Cl chondrites. Thus, nine of fifteen inclusions analyzed in this laboratory from the reduced subgroup of C3V chondrites have unusual or unique refractory element characteristics compared to those in Allende, a member of the oxidized subgroup. Taken together, our results seem to confirm the notion that Allende inclusions are not representative of all refractory objects that existed in the solar nebula, or even of all those sampled by C3V chondrites. In fact, LIU and SCHMITT (1988) analyzed many inclusions in Raba and Mokoia and concluded that there are different proportions of Groups I, II, and III inclusions in each of Kaba, Mokoia, and Allende, all members of the oxidized subgroup of C3V chondrites. The fact that refractory inclusions are distributed heterogeneously even among C3V chondrites implies that nebular mixing processes were rather inefficient, at least where and when C3V chondrites accreted. This is surprising because, in order to produce the relatively unfractionated siderophile element enrichment factors of Allende inclusions such as Egg 6 (SYLVESTER et al., 1990b), rather efficient mixing of large numbers of fractionated metal alloy grains seems to be required. Inclusions such as Egg 6 may have been assembled in a rather turbulent nebular environment before being transported to a rather quiescent region, where they were incorporated into Allende without being well mixed with more fractionated inclusions like the nine found so far in C3V chondrites of the reduced subgroup.
~oncentmtions of Na and Au in Vigarano and Leoville coarsegrained inclusions tend to be lower than in their Allende counterparts, but this does not seem to be the case for all fine-grained inclusions. Thus, while coarse-grained inclusions of the reduced subgroup of C3V chondrites were probably altered at higher temperatures or for shorter times than those of the oxidiied subgroup, some fine-grained inclusions of the reduced and oxidized subgroups may have been altered under similar conditions. ~ck~owle~g~e~ts-We are grateful to C. Caillet for permission to use unpublish~ mine~~hemical data for Leo 3537-2 and Vig 477-
